Bayesian Evidences for Dark Energy models in light of current
  obsevational data by Lonappan, Anto. I. et al.
ar
X
iv
:1
70
7.
00
60
3v
2 
 [a
str
o-
ph
.C
O]
  2
3 N
ov
 20
17
Bayesian Evidences for Dark Energy models in light of current observational data
Anto. I. Lonappan,1, 2, ∗ Sumit Kumar,3, † Ruchika,4, ‡ Bikash R. Dinda,4, § and Anjan A Sen4, ¶
1Department of Physics, SB College
Changanassery, Kottayam 686101, Kerala, India.
2Department of physics, Presidency University, Kolkata, India
3International Centre for Theoretical Sciences, Tata Institute of Fundamental Research, Bangalore 560089, India
4Centre for Theoretical Physics, Jamia Millia Islamia, New Delhi-110025, India
We do a comprehensive study of the Bayesian evidences for a large number of dark energy models
using a combination of latest cosmological data from SNIa, CMB, BAO, Strong lensing time delay,
Growth measurements, measurements of Hubble parameter at different redshifts and measurements
of angular diameter distance by Megamaser Cosmology Project . We consider a variety of scalar field
models with different potentials as well as different parametrisations for the dark energy equation of
state. Among 21 models that we consider in our study, we do not find strong evidences in favour of
any evolving dark energy model compared to ΛCDM. For the evolving dark energy models, we show
that purely non-phantom models have much better evidences compared to those models that allow
both phantom and non-phantom behaviours. Canonical scalar field with exponential and tachyon
field with square potential have highest evidences among all the models considered in this work.
We also show that a combination of low redshift measurements decisively favours an accelerating
ΛCDM model compared to a non-accelerating power law model.
PACS numbers: 98.80.-k,98.80.Cq
I. INTRODUCTION
The concordance flat ΛCDM model is a simple yet successful description of our observable universe. Post Planck-
2015, flat ΛCDM model is consistence with data from Cosmic Microwave Background (CMB) [1], from Supernova
Type-Ia (SnIa) [2] as well as from the Baryon Acoustic Oscillations (BAO) measurements in galaxy surveys [3] . But
few recent low-redshift observations have shown tensions [5–8] with ΛCDM model that is consistent with Planck-2015.
Whether this is due to unknown systematics in both low and high redshift observations or due to physics beyond
ΛCDM is still not confirmed. Moreover on theoretical side, ΛCDM model has its own problems like fine tuning and
cosmic coincidence [4]. This motivates people to consider dark energy beyond Λ and to assume time evolution for dark
energy. Recently, Zhao et al [9], using combination of latest cosmological observations, have shown that dynamical
dark energy model is preferred at 3.5σ level.
The time evolution in dark energy is either modelled through different parametrisation for the dark energy equation
of state (w = pρ) or using different versions of evolving scalar field rolling over its potential. These are canonical scalar
fields [10], non-canonical scalar fields [11], non-minimally coupled fields [12], phantom fields [13], galileon fields [14, 15]
and many more. These fields can also be classified as thawer or tracker/freezer [21] depending on the initial conditions
as well as their late time evolutions.
Given any model, one can always constrain its parameters using available set of cosmological data. This exercise
does not tell us which is a better model given a set of observational data. Calculating Bayesian Evidence [16] is one of
the ways to compare the probabilities of different models for given set of data. At present, when we have a reasonable
set of very accurate cosmological measurements as well as a large set of dark energy models, model comparison using
Bayesian Evidence can be very useful to pick reasonably better models with greater evidences from a large set of
models describing the late time acceleration in the universe.
Bayesian Evidence in the context of cosmology was initially studied by Trotta [17]. Later on, Martin et al. [18]
have performed a comprehensive evidence calculation for a large set of inflationary models. In recent times, there have
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2been few studies on Bayesian Evidence for dark energy models [19]. In this work, we do a detailed study of Bayesian
Evidence for a large class of cosmological models taking into account around 21 different dark energy models. In this
study, we consider the combination of CMB, SnIa, BAO, LSS, strong lensing, Megamsers and H(z) data. For LSS,
we use the growth (fσ8) measurements and the H(z) data includes the recent measurement of H0 by Riess et al. (
hereafter R16) [6]. We also study how combinations of various set of data from cosmological observations influences
the evidences of different models.
In section II, we describe different dark energy models that we consider in this work. In section III , we describe the
observational data that we consider in the work and also the prior on different model and cosmological parameters.
Section IV, we discuss the Bayesian evidences of different models and discuss the results of our study. In section V,
we discuss the issue of accelerating vs non-accelerating Universe. Finally, we conclude in section VI.
II. THEORETICAL MODELS
In this section, we describe different dark energy models that we subsequently use for our evidence calculations. We
consider a spatially flat FRW universe with scale factor a(t).
A. Canonical scalar field models
We consider a minimally coupled scalar field with a Lagrangian [10]
L =
1
2
∂µφ∂
µφ− V (φ), (1)
where V (φ) is the scalar field potential. The energy density and pressure for the scalar field are given by
ρφ =
1
2
φ˙2 + V (φ), (2)
Pφ =
1
2
φ˙2 − V (φ). (3)
The equation of motion for scalar field φ is
φ¨+ 3Hφ˙+ Vφ = 0, (4)
where the subscript φ denotes the derivative with respect to field φ. This type of scalar fields can be further divided
in two subclasses: thawer and tracker/freezer. The freezing model has an initial fast roll phase when they track the
background radiation or matter evolution; subsequently for specific choices of the potential V (φ), the equation of
state decreases and asymptotically approaches w = −1 to initiate the late time acceleration. For the thawing models,
the field is initially frozen at the flat part of the potential due to large Hubble friction and behaves like cosmological
constant (w = −1). This initial condition can be achieved through inflation [22]; subsequently the Hubble friction
decreases and the field starts rolling and the equation of state slowly thaws away from the frozen w = −1 state towards
higher values.
In our evidence calculation, we use one particular tracking/freezing model with potential [20]
V (φ) =M4[e
−µ1
φ
Mpl + e
−µ2
φ
Mpl ] (5)
where M is a constant having dimension of mass, Mpl is Planck mass and µ1, µ2 are the two parameters in the model.
We fix µ1 = 20 to ensure the field initially track the matter. µ2 controls the equation of state at late times and it is a
free parameter in our analysis. The parameter M can be related to the energy density parameter of the field Ωφ. In
our calculation, we relate it to Ωφi where the subscript “i” denotes the value at decoupling (z ∼ 1100) where we set
our initial conditions. Hence µ2 and Ωφi are the two model parameters for this tracking/freezing model.
For the thawer case, we consider four potentials: linear (V (φ) ∼ φ), squared (V (φ) ∼ φ2), inverse-squared (V (φ) ∼
φ−2) and exponential (V (φ) ∼ eφ). For thawer models, the parameters that determine the evolution of the field and
its energy density for any potential are λ =
Vφ
V and Ωφ (see [23] for the relevant equations for thawing scalar fields).
The two parameters in thawer model for any potential are λi and Ωφi where the subscript “i” denotes the values at
decoupling (z ∼ 1100) as in the freezing case mentioned above.
3B. Non Canonical Scalar field models
There are different non canonical scalar field models that have been considered as dark energy models. In our
study, we use the non canonical models with Dirac-Born-Infeld (DBI) action ( This is also called Tachyon model in
the literature) [24]:
L = −V (φ)
√
1− ∂µφ∂µφ. (6)
In natural units, the dimension of the tachyon field is [Mass]−1. The energy density and pressure for the tachyon field
are given by
ρt =
V (φ)√
1− φ˙2
, (7)
Pt = −V (φ)
√
1− φ˙2, (8)
The equation of motion for Tachyon field is
φ¨+ 3Hφ˙(1− φ˙2) +
Vφ
V
(1− φ˙2) = 0. (9)
For tachyon case, we assume thawing type initial conditions and consider the same four potentials as thawing scalar
field.
C. Galileon Models
We consider the lowest non-trivial order of cubic Galileon Lagrangian along with a potential [14, 15]:
L =
1
2
(∇φ)2
(
1 +
α
M3
φ
)
− V (φ), (10)
where α is a dimensionless constant; for α = 0, the Lagrangian (10) reduces to that of a canonical scalar field. V (φ)
is the potential. V (φ) ∼ φ preserve the shift symmetry. M is a constant of mass dimension one; by a redefinition of
the parameter α, we can fix M = Mpl. Action (10) can also be thought as a particular form of the Kinetic Gravity
Braiding action [25]. The energy density and pressure of the galileon field are given by:
ρg =
φ˙2
2
(
1− 6
α
M3pl
Hφ˙
)
+ V (φ), (11)
pg =
φ˙2
2
(
1 + 2
α
M3pl
φ¨
)
− V (φ), (12)
where over dot is the derivative w.r.t. the time. Varying the action of the galileon field w.r.t the field φ, we get the
equation of motion for the field
φ¨+ 3Hφ˙− 3
α
M3pl
φ˙
(
3H2φ˙+ H˙φ˙+ 2Hφ¨
)
+ Vφ = 0. (13)
For galileon model also, we assume the thawing type of initial conditions at decoupling z ∼ 1100. We introduce one
new parameter ǫ = −6βH2
(
dφ
dN
)
, where β = α
M3
pl
. The parameters of the galileon model are now, ǫi, λi and Ωφi
where the subscript “i” denotes the values at decoupling (z ∼ 1100) and λ =
Vφ
V (see [15] for the relevant equations
for thawing galileon fields). Also in this case, we consider four types of potentials as in thawing scalar and tachyon
4fields. Out of these four potentials, only linear potential respects the galileon symmetry and the rest of the potentials
are purely phenomenological.
For all three dark energy models described above, the expression for Hubble parameter is given by
H2(z) = H20
(
Ωm0(1 + z)
3 +Ωr0(1 + z)
4 +Ωφ0f(z)
)
, (14)
where f(z) is a function of dark energy energy density ρφ for canonical scalar field, ρt for tachyon and ρg for galileon.
H0 (100h Km/sec/Mpc) is the present day Hubble parameter. Here Ωm0, Ωr0 and Ωφ0 are the present day density
parameter for matter (that includes baryons and cold dark matter), radiation and scalar field respectively with the
flatness condition Ωm0 + Ωr0 + Ωφ0 = 1. So any two of the density parameters are independent. In our study, we
take the density parameter for radiation and scalar field as independent ones and that for matter will be a derived
parameter. Moreover, both Ωr0 and Ωφ0 can be related to their values at decoupling. We already mention above
that Ωφi is a model parameter for all three scalar field models. We also consider Ωri as another free parameter in our
evidence calculations.
D. Dark Energy Parametrisation
Given a large number of scalar field models with a variety of potentials, it is always difficult to test all the individual
models. Instead, we often use a parametrisation of dark energy evolution that broadly describes a large number of
scalar field dark energy models. Parametrising the dark energy equation of state (w = p/ρ) is the most common
practice and there are also a large number of parametrisations for w(z) available in the literature. Here we use the
CPL [26], GCG [27], BA [28], JBP [29] and 7CPL [30] parametrisations for our evidence calculations together with
standard ΛCDM and constant dark energy equation of state model:
w(z) = −1 (ΛCDM)
w(z) = wDE(constant) (wCDM)
w(z) = w0 + wa
z
1 + z
(CPL)
w(z) = −
w0
w0 + (1 − w0)(1 + z)3(1+wa)
(GCG) (15)
w(z) = w0 + wa
z(1 + z)
1 + z2
(BA)
w(z) = w0 + wa
z
(1 + z)2
(JBP )
w(z) = w0 + wa
(
z
1 + z
)7
(7CPL)
All the parametrisation, except the first two, contain two parameters w0 and wa where w0 is related to the present
value of the equation of state for the dark energy and wa determines its evolution with time. Except GCG and 7CPL,
the rest of the non-constant parametrisations represent the thawing evolution much better than the tracking evolution.
In contrast, 7CPL fits the tracking/freezing model better [30]. The GCG mimics freezing evolution for (1 + wa) > 0
whereas for (1 + wa) < 0, it mimics the thawer evolution. We call them GCG-tracker and GCG-thawer respectively.
With this, for a spatially flat FRW universe, the expression for Hubble parameter becomes
H2(z) = H20
(
Ωm0(1 + z)
3 +Ωr0(1 + z)
4 + (1− Ωm0 − Ωr0) exp
[
3
∫
1 + w
1 + z
dz
])
. (16)
Once we know the expression for the Hubble parameter H(z), we can calculate all the observables related to the
background cosmology. The growth of matter fluctuations on sub-horizon scales and in linear regime is given by
δ¨m + 2H ˙δm − 4πGρ¯mδm = 0, (17)
5where δm is the matter density contrast, ρ¯m is the background matter energy density and “over dot” represents the
derivative with respect to the cosmological time t. H is the Hubble parameter given by either (14) or (16). Here we
use the Newtonian approximation which is valid on sub-horizon scales and also ignore the dark energy perturbations
on sub-horizon scales. One can also define linear growth rate as:
f =
d log δm
d log a
. (18)
The quantity f(z)σ8(z), where σ8(z) is the rms fluctuation of linear over density field δm within a box size of 8h
−1
Mpc, is a model independent estimator of the observed growth history in the universe. On sub-horizon scales ignoring
dark energy perturbations, one can write [31]
f(z)σ8(z) = σ8
δ
′
m
δm(z = 0)
, (19)
where “prime” denotes differentiation with respect of log(a) and σ8 = σ8(z = 0).
III. DATA AND PRIOR
To calculate the Bayesian Evidence for each models, we use the following observational data for our analysis:
• The measurements of the luminosity distance of SNIa from the “Joint Light Curve Analysis (JLA)” taken from
SDSS and SNLS catalogue [2].
• We use the isotropic BAO measurements from 6dF survey [32] at z = 0.106, SDSS data release for main galaxy
sample (MGS) [33] at z = 0.15 and eBoss quasar clustering [34] at z = 1.52. We also use the anisotropic
measurements from BAO only analysis of BOSS analysis [35] and Lyman-α forest samples [36] at redshifts
z = 0.38, z = 0.61 and z = 2.4. For all these measurements and the corresponding covariance matrix, we refer
readers to the recent work by Evslin et al [37].
All the BAO measurements involve the BAO length scale rd which is the sound horizon at drag epoch. In our
analysis, we keep rd as a free parameter.
• Angular diameter distances measured using water megamasers under the Megamaser Cosmology Project [38]
As both Megamasers cosmology project and different BAO measurements measure the angular diameter dis-
tances or its different combinations at different redshifts, in our subsequent analysis, we refer different BAO
measurements and the measurements from Megamasers Cosmology Project in a combined head ”BAO” unless
specifically mentioned.
• We also use the collection of strong lensing time-delay measurements by H0LiCOW experiment [39]. We denote
this as ”TDSL”.
• The measurement of f(z)σ8(z) by various galaxy surveys as compiled by Basikalos et al [40]. We denote this as
”GROWTH”.
• The acoustic scale and CMB shift parameters as measured by Planck-2015 observations [41]. We denote this as
”CMB”.
• The measurement of Hubble parameter as a function of redshift as compiled by Farooq et al [42].
• The latest measurement of H0 by Reiss et al [6] (Riess16).
In our subsequent analysis, we use ”H(z)” to denote the H data at different redshifts including the H0 measure-
ment unless specifically mentioned.
We use flat prior for both model and cosmological parameters in our analysis. In Table I, we list prior for different
parameters used in our evidence calculations.
6TABLE I: Parameters used in different models and their prior.
Parameter Models Prior (uniform)
Ωm0 ΛCDM, wCDM, CPL, GCG,BA,JBP,7CPL [0.1, 0.9]
h All [0.5, 0.9]
Ωr0 ΛCDM, wCDM, CPL, GCG,BA,JBP,7CPL [3.0, 9.0] ×10
−5
σ8 All [0.6, 1.0]
rd ALL [130,170]
wDE wCDM , [-1.8, -0.4]
w0 CPL,BA,JBP,7CPL [-1.9, -0.4]
w0 GCG-thawer, GCG-Tracker [0.5, 1.0]
wa CPL,BA,JBP,7CPL [-4.0, 4.0]
wa GCG-thawer [-3.0, -1.01]
wa GCG-tracker [-0.99, 1.0]
Ωφi Scalar tracker, scalar thawer, Tachyon, Galileon [0.8, 3.0] ×10
−9
µ2 scalar tracker [0,1]
ǫi Galileon [0.0, 50.0]
λi scalar thawer, Tachyon, Galileon [0.2, 1.0]
Ωri Scalar tracker, scalar thawer, Tachyon, Galileon [0.09, 0.17]
IV. BAYESIAN EVIDENCE AND RESULTS
In Bayesian data analysis, Bayes theorem [16] relates the probability of parameters ΘM = {θ
i
M ; i = 1, 2, ....W}
describing a model M with the data D and prior information I. According to Bayes’ theorem:
P(ΘM |D, I) =
P(D|ΘM , I)× P(ΘM |I)
P(D|I)
(20)
where P(ΘM |D, I) is the posterior probability of model parameter ΘM given a data D. P(D|ΘM , I) is known as
likelihood function which tells the probability of the realisation of data D given a model M (along with model
parameters). P(ΘM |I) is the prior probability function on the parameters of the model. The quantity P(D|I) is called
the marginal likelihood or the evidence of the model M given the data D.
In parameter estimations of models, we usually ignore evidence for computing posterior as it does not affect the
shape of posterior distribution. But in model selection, evidence plays the crucial role and is used to normalize the
posterior over ΘM . So Bayesian Evidence of a model with W dimensional parameter space is given by,
Z =
∫
P(D|Θ)× P(Θ)dWΘ. (21)
Models with higher Bayesian Evidence are favoured over those with lower evidence. We use Jeffreys’ scale [45] to
compare models with different Z as shown in Table II:
TABLE II: table
Jeffrey’s Scale for Evidence
∆ lnZ Evidence Result
0− 1.0 Insignificant
1.0− 2.5 Significant for higher Z
2.5− 5.0 Strong for higher Z
> 5.0 Decisive for higher Z
For computing Bayesian Evidence, we consider the MultiNest[43] sampling algorithm using the python implemen-
tation pymultinest [44].
In Table III, we show the ln(Z) for different models considered, for four different combinations
of cosmological data: BAO+TDSL+H(z), BAO+TDSL+H(z)+SNIa, BAO+TDSL+H(z)+SNIa+CMB and
BAO+TDSL+H(z)+SNIa+CMB+GROWTH.
In Figure 1, we show the evidences for different models compared to the ΛCDM for four combinations of cosmological
data that we mention above. The horizontal line in each plot represents the ΛCDM model. Any model above this line
7has better evidence than ΛCDM whereas any model below this line has poorer evidence than ΛCDM. The number
associated with each model represents its ∆ lnZ from ΛCDM and this number determines how good/bad the model
is, compared to ΛCDM, according to Jeffreys’ scale in Table II.
For cosmological data from low-redshift measurements, e.g BAO, TDSL, H(z) and SNIa, all the thawing scalar field
models (canonical scalar, tachyon and galileon) with different potentials has significantly better evidences than ΛCDM
model. The tracking model with double exponential potential is indistinguishable from ΛCDM without the SNIa data.
Inclusion of SNIa data makes the tracking model marginally better than ΛCDM. On the contrary, all the different
dark energy parametrisations (except the GCG and the JBP) have significantly lower evidences than ΛCDM. The two
GCG parametrisations ( GCG thawer and GCG tracker) are indistinguishable from ΛCDM. The JBP is significantly
better than ΛCDM without the SNIa data whereas inclusion of SNIa data makes it indistinguishable from ΛCDM.
TABLE III: Log Evidence(Z)
Models
BAO
+TDSL+H(z)
BAO+TDSL
+H(z)+
SN1a
BAO+TDSL
+H(z)
+SN1a+CMB
BAO+TDSL
+H(z)+SN1a
+CMB
+GROWTH
Λ CDM -50.39 -68.11 -76.51 -81.73
wCDM -51.59 -69.27 -78.45 -84.13
CPL -52.06 -69.73 -79.09 -84.7
7CPL -51.58 -69.15 -77.95 -83.79
BA -51.44 -69.8 -78.99 -84.54
JBP -48.72 -68.39 -79.15 -84.86
Exponential Galileon -48.7 -66.37 -75.54 -80.71
Exponential Scalar -48.64 -66.38 -74.11 -79.57
Exponential Tachyon -48.78 -66.24 -74.24 -79.89
Inverse Galileon -48.83 -66.09 -75.21 -80.76
Inverse scalar -48.7 -66.04 -74.31 -79.69
Inverse Tachyon -48.68 -66.11 -74.24 -80
Linear Galileon -48.65 -66.38 -75.33 -80.97
Linear Scalar -48.93 -66.38 -74.15 -79.94
Linear Tachyon -49.01 -66.49 -74.11 -80.15
Square Galileon -48.77 -66.27 -75.29 -80.98
Square Scalar -48.77 -66.35 -74.13 -79.84
Square Tachyon -48.94 -66.17 -74.31 -79.55
GCG tracker -50.85 -68.46 -80.32 -85.85
GCG thawing -50.86 -68.43 -78.09 -83.49
Scalar Tracker -49.49 -67.03 -76.28 -81.63
Next we add the high redshift measurements from CMB with low redshifts data from BAO, TDSL, H(z) and
SNIa. Addition of CMB data makes all the galileon models closer to ΛCDM compared to the previous case. The
exponential galileon is now indistinguishable from ΛCDM whereas rest of the galileon models still have significantly
better evidences compared to ΛCDM. On the other hand, all the canonical scalar and tachyon models have much
better evidences from ΛCDM compared to the previous cases without CMB data. The scalar tracker model is still
indistinguishable from ΛCDM. GCG-tracker has now the lowest evidence among all models whereas GCG-thawer
is significantly bad compared to ΛCDM. CPL parametrisation, which is the most studied parametrisation for dark
energy models, is strongly disfavoured compared to ΛCDM and close to decisively disfavoured compared to canonical
scalar and tachyon models. This is same for BA and JBP parametrisation. The wCDM and 7CPL models are still
significantly disfavoured compared to ΛCDM.
Finally we add the fσ8 measurements from growth of large scale structures. All the galileon models are now
indistinguishable from ΛCDM. The CPL, JBP, BA and GCG-tracker models now have even lower evidences compared
to ΛCDM, canonical scalar and tachyon models. CPL and GCG-tracker have now decisively ruled out compared to
canonical scalar and tachyon models.
To summarise, our analysis consistently shows that different scalar fields models which are non-phantom by definition
have much better evidences than different dark energy parametrisations which allow both phantom and non-phantom
behaviour, even if they have the same number of parameters. It is interesting to note that CMB and to some extent
Growth data play a crucial role in disfavouring different parametrisations for dark energy equation of state compared
8to ΛCDM or different scalar field models.
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FIG. 1: ∆ lnZ for different models compared to ΛCDM for four combinations of observational data. The horizontal line
represents the ΛCDM model. Models above this line have better evidences than ΛCDM whereas models below this have lower
evidences than ΛCDM. The blue, yellow and green points represent models with insignificant, significant and strong evidence
compared to ΛCDM according to Jeffrey’s scale given in Table II.
V. ACCELERATING VS. NON-ACCELERATING UNIVERSE
The first confirmation for a late time accelerating Universe was obtained through Type-Ia Supernova observations.
But this has been questioned in recent times by Nielsen et al. [47] ( see also various discussions by Rubin and Hayden
[48], Tutusaus et al. [49], Dam et al [50]). In recent works, Ata et al [52] and Haridasu et al [51] have shown that
with ΛCDM model, ΩΛ = 0 non-accelerating model is ruled out at 6σ confidence level with BAO data alone, although
BAO data alone can not provide a significant evidence for an accelerating universe in wCDM model [? ].
In this section, we compare the Bayesian evidences for concordance ΛCDM model and a non-accelerated power law
model as considered by Tutusaus et al. [49]. The Hubble parameter for this non-accelerated model is given by:
H(z) = H0(1 + z)
1/n, (22)
where n is a constant parameter. For a non-accelerated power law model for expanding universe, 0 < n ≤ 1. We
consider all the low redshifts measurements as mentioned in section III. This is because the non-accelerating model
given by equation (22) with a constant n can not mimic at the same time a low redshift matter dominated Universe
and a high redshift radiation dominated Universe. The results for evidence calculations for different combination of
data are shown in Table IV. As one can see with BAO only data or with BAO+megamasers+TDSL data, there is
no strong evidence for ΛCDM model as compared to non-accelerating power law model. But inclusion of H(z), H0,
9TABLE IV: Log Evidence(Z) for ΛCDM Vs Non-Accelerating Universe
BAO +Masers+TDSL +H(z) +Growth +H0 +SNIa
ΛCDM -13.36 -35.76 -48.52 -54.32 -56.10 -74.027
Non-Accelerating -15.559 -38.57 -56.197 -63.83 -78.99 -117.667
growth as well as SNIa measurements, results decisive evidence for ΛCDM model as compared to non-accelerating
power law model. Hence combination of different low-redshift data gives decisive evidence for late time accelerating
universe.
VI. CONCLUSION
We do a comprehensive study for Bayesian Evidence of dark energy models. We consider 21 different dark energy
models consisting both field theoretical models as well as different parametrisations for dark energy equation of state.
And this is probably the highest number of dark energy models till date that has been considered for evidence
calculations. We consider the data from BAO, TDSL, H(z) including the R16 measurement of H0, SNIa, CMB, as
well as the Growth measurements. We consider various combination of data and study how the evidence changes for
these combinations.
The most significant result in our study is the fact that non-phantom models like scalar, galileon and tachyon
models have always better evidences than dark energy parametrisations that allow both phantom and non-phantom
behaviour. Although this evidence is significant to strong for BAO+TDSL+H(z)+SNIa data, inclusion of CMB and
GROWTH data decisively rule out most of the dark energy parametrisations including the widely studied CPL one,
compared to canonical scalar and tachyon models. As none of the seven dark energy parametrisations shows better
evidence than different scalar field models, it raises the obvious question that whether using parametrised equation of
state to model dark energy evolution to fit with observational data, is a good practice to study dark energy properties.
In future, we need to focus more on actual field theoretical dark energy models rather than different parametrisations
for dark energy equation of state or we need to have new parametrisations for dark energy equation of state that have
better evidences compared to the existing ones.
With the full set of data, all the galileon models as well as the scalar tracker model are indistinguishable from
ΛCDM. One needs to see whether future data can change this conclusion.
We also show that there is significant evidences in favour of scalar and tachyon models, compared to ΛCDM, but
we do not find any model that is strongly or decisively favoured compared to ΛCDM. Given that we consider a very
large class of dark energy models and consider a wide range of observational data, this shows that at present there
is no strong or decisive evidence for dark energy evolution. This is consistent with recent findings about evidence for
dark energy evolution [53].
We also show that combination of different low redshift data itself can give decisive evidence for a accelerating
universe although BAO measurements alone can not distinguish between ΛCDM and a non-accelerating power law
model. This is in contrast to the recent claim by Ata et al [52] and Haridasu et al [51] that BAO measurements alone
can rule out non-accelerating model at 5− 6σ confidence level.
In near future, we shall extend our study on Bayesian Evidence to f(R) and other modified gravity theories as well
as to interacting dark energy models.
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